Selenium (Se) levels in blood (whole blood, erythrocytes and serum) and blood glutathione peroxidase (GSH-Px) activity were investigated in people living at high altitude in Bolivia (4,000 m above sea level). These parameters were compared to those of people living at low altitude (300 m above sea level). The Se levels in whole blood of the high-altitude subjects did not differ significantly from those of the low altitude subjects. However, the Se levels in erythrocytes were significantly lower in the high-altitude subjects than in the low-altitude subjects, whereas serum Se levels were higher in the high-altitude subjects than in the low-altitude subjects. GSH-Px activity (Unit/g Hb) was significantly lower in the high-altitude subjects than in the low-altitude subjects. The mean corpuscular Hb concentration (MCHC), an indicator of the age of erythrocytes, in the high-altitude subjects was significantly higher than in the low-altitude subjects. These results show that the GSH-Px activity in the blood of the high-altitude subjects is relatively low. This may be due to their aged erythrocytes and/or to relatively low Se intake in the
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Selenium (Se) levels in blood (whole blood, erythrocytes and serum) and blood glutathione peroxidase (GSH-Px) activity were investigated in people living at high altitude in Bolivia (4,000 m above sea level). These parameters were compared to those of people living at low altitude (300 m above sea level). The Se levels in whole blood of the high-altitude subjects did not differ significantly from those of the low altitude subjects. However, the Se levels in erythrocytes were significantly lower in the high-altitude subjects than in the low-altitude subjects, whereas serum Se levels were higher in the high-altitude subjects than in the low-altitude subjects. GSH-Px activity (Unit/g Hb) was significantly lower in the high-altitude subjects than in the low-altitude subjects. The mean corpuscular Hb concentration (MCHC), an indicator of the age of erythrocytes, in the high-altitude subjects was significantly higher than in the low-altitude subjects. These results show that the GSH-Px activity in the blood of the high-altitude subjects is relatively low. This may be due to their aged erythrocytes and/or to relatively low Se intake in the * To whom correspondence should be addressed. The association between nutritional selenium (Se) status and health conse quences have been investigated in recent years. The chronic endemic cardiomyopa thy in China called "Keshan Disease (KSD)" is associated with markedly low concentrations of Se in blood and hair (1, 2) . According to some recent epidemi ologic studies, an inverse association between serum Se (SSe) status and subsequent cancer risks has also been found in some countries such as the United States (3-5) , Finland (6-8), Holland (9), Sweden (10), and Norway (11) . Selenium may have an antioxidative role as an integral functional part of erythrocyte glutathione peroxidase (GSH-Px, EC: 1.11. 1.9) (12) (13) (14) and may enhance the effects on immune functions (15, 16) . These studies suggest a significant relevance of low Se status to adverse health consequences.
GSH-Px in whole blood is known to be distributed almost exclusively (90 -95%) within the erythrocyte fraction (17) . As compared with people living at sea level, increased hemoglobin (Hb) concentration and an increased number of erythrocytes in the blood are characteristic of people living at high altitudes , such as in the Andean and Himalayan regions , as a result of acclimatization (18) (19) (20) . Hence, people living in the Andes at high altitudes are thought to have high GSH-Px activity, and consequently , the demand for Se is considered to be high compared to people living at sea level . Contrary to this assumed high demand for Se and GSH-Px , Agostoni et al. (21) reported that SSe levels and GSH-Px activity in erythrocytes were low among people living in the Andes at high altitudes. This is virtually the only study which has examined SSe and GSH-Px in Peruvian natives at high and low altitudes . Agostoni et al. speculated that this was attributable mainly to low Se intake , h owever they had not studied dietary Se intake at all . Very little information with limited sample size for Se status and GSH-Px in blood is available for natives living under hypobaric-hypoxic conditions. We conducted a human ecological compara tive study in Andean highland/lowland populations (22) .
In the present study, we examined Se levels in blood components (whole blood , erythrocytes and serum) of Bolivian high altitude natives in comparison with those of low-altitude subjects. Then , we examined whether people living at high altitudes had lower GSH-Px activity in their blood compared to that in their lowland counterparts. (high-altitude subjects and low-altitude subjects) in Wariscata located in Altiplano (Bolivian arid high plateau) and in Alto Beni in a tropical Amazonian lowland, also in the Republic of Bolivia (Fig. 1) . The high-altitude community is located approximately 4,000-4,100 m above sea level, 280 km southwest of the city of La Paz (administrative capital of Bolivia). The atmospheric pressure is about 460 mmHg (our own barometric measurement data). The languages spoken in every day life are Aymara and Spanish. Their subsistence is almost exclusively dependent on herds of sheep, alpaca and llama. Agricultural production in this area is very limited due to the dry, cold environment. The lowland area is located 220 km northeast of La Paz at approximately 300 m above sea level. The inhabitants are native residents and immigrants from Altiplano or other low altitude areas of Bolivia. Most of the immigrants are Aymara-speaking people and Quechua speaking people who have previously lived in Altiplano. In contrast to Altiplano, agricultural production in this area is abundant in quantity as well as in variety, with primary crops such as maize, fruits, vegetables and tubers. Blood specimen sampling. Under fasting conditions in the morning, blood samples were collected by venipuncture with no anticoagulants (in November 1988 and in November 1989 for high-altitude and low-altitude subject communities, respectively). About 2 ml of whole blood was transferred into a metal-free tube which contained EDTA-3Na (SIGMA Chemical Co.), and the remainder of the whole blood sample was centrifuged as soon as possible after collection to obtain serum specimens. The sera were also transferred into metal-free tubes. These atologic examinations revealed that there were significant differences in all of these parameters between the highland and lowland subjects of both sexes. The mean Hb concentrations of the high-altitude male and female subjects were higher by 44 .7% and 47.4% than that of low-altitude subjects, respectively. The mean Ht value and MCHC level were higher by 26.1% and 14.5% in males and 26 .4% and 17.1% in females, respectively. The differences between the high-altitude subjects and the low-altitude subjects did not vary with age group.
Se levels in various blood specimens In both males and females, ESe levels were significantly higher in the low altitude subjects than in the high-altitude subjects (Table 2 , statistical significance by altitude was not observed in the group of children and adolescents). No significant differences by altitude were found in BSe in all age groups . SSe levels were significantly higher in the high-altitude male subjects than in the low-altitude male subjects, however no significant difference by altitude was found in female Table 2 . Blood selenium levels of high-altitude subjects and low-altitude subjects1 . subjects (there was no statistical significance in adults). Sex differences were found only in the high-altitude subjects in BSe and SSe (groups combining all ages or adults showed statistical significance). BSe and SSe levels in males were signi fi cantly higher than in females (6.3% and 8.8% for BSe and SSe, respectively).
GSH Px activity in the blood
Mean GSH-Px activities in whole blood of the high-altitude and low-altitude subjects are shown by age group and sex in Table 3 . GSH-Px activity expressed per gram of Hb (Units/g Hb) was significantly lower in the high-altitude subjects than in the low-altitude subjects: by 19.3% in males and by 10.5% in females. Converse ly, the activity expressed per unit volume of whole blood (Units/ml) was signi fi cantly higher in the high-altitude subjects than in the low-altitude subjects: by 17.7% in males and by 16.0% in females. Similar patterns of differences in GSH-Px activities by altitude were observed when the subjects were divided by age group. GSH-Px (Units/g Hb) in young females and GSH-Px (Units/ml) in young males did not show significant differences between high-altitude and low-altitude subjects (Table 3) . Table 3 . Glutathione peroxidase activity in high-altitude subjects and low-altitude subjectsl. H. IMAI et al.
DISCUSSION
For the Peruvian Andean people living at 3,800m above sea level, Agostoni et al. (21) reported that the SSe concentration and GSH-Px activity in erythrocytes were markedly lower when compared to people of the same ethnic group living at sea level. The low levels of GSH-Px activity and of SSe in the Peruvian Andean people have been attributed to the lower level of Se intake (21) however dietary Se intake has not been investigated at all. The reported level of SSe in their study (21) was almost 60% of that found in the high-altitude subjects of the present report (95.0 ng/ml); i.e., 59.0 ng/ml on the average, which is comparable with the values reported in Se-deficient countries (29) such as New Zealand or Finland (Table 4 ) . This discrepancy of SSe level between the report of Agostoni et al, and our study may be due to differences in dietary Se intake.
The results from our Bolivian subjects at both high and low-altitudes in dicated that the levels of Se in whole blood, erythrocytes, and serum seemed to be equivalent to those of the Se-sufficient populations (Table 4 ). SSe levels in Table 4 . Selenium levels in whole blood, erythrocytes and serum/plasma as reported for various populations.
1Unknown, 2male , 3female high-altitude males (all ages and children & adolescents) were higher than those of their low-altitude counterparts. This may be due to the wheat products consumed by the high-altitude population. In the present investigation, we performed a 7-day food consumption survey only in the high-altitude subjects in September of 1988. The details of the research protocol have been reported elsewhere (22) . Of all the subjects, the data of dietary Se intake (DSe) was available for 91 subjects (48 males and 43 females). Our food consumption survey revealed that about 40% of DSe was attributable to wheat and wheat products consumption. Se in wheat products consumed was reported to have a significant role for determining the Se level in plasma or serum (30) .
The blood GSH-Px activity in the high-altitude subjects seemed to be enhanced when the activity was expressed as Units/ml, however the enhancement was not proportional to the increase in Hb because GSH-Px activity per gram of Hb was lower in the high-altitude subjects than in the low-altitude subjects. Since GSH-Px in whole blood is known to be distributed almost exclusively (90-95%) within the erythrocyte fraction (17) , the GSH-Px activity in the present study is attributable to the GSH-Px in erythrocytes. As far as GSH-Px activity expressed in Units/g Hb is concerned, the high-altitude subjects had a lower GSH-Px activity than the low-altitude subjects. This observation is in agreement with that of Agostoni et al . (21) . (They also expressed the GSH-Px activity in Units/g Hb.)
In the present results, the high-altitude subjects have higher MCHC levels than the low-altitude subjects. This means the high-altitude subjects have older erythro cytes than those of low-altitude subjects because MCHC is the most reliable index of erythrocyte age (31) . The affinity for oxygen in young erythrocytes is lower than in old erythrocytes (32) . It is reported that the activity (Units/g Hb) of GSH-Px in erythrocytes may be a useful enzymatic marker for the age of erythrocytes (33) . The decreased GSH-Px activity (Units/g Hb) in high-altitude subjects , therefore, might be the reflection of the fact that their erythrocytes were older than those in low-altitude subjects. Why erythrocytes in high-altitude subjects were aged is unclear. If the GSH-Px activity did not catch up with the increased Hb in blood , the dehydration of erythrocytes may become accelerated due to membrane peroxi dation. On the other hand, this might be influenced by presently unknown genetic factors. DSe and GSH-Px activity was available (19 males and 18 females), there was no significant correlation between DSe (on the basis of body weight) and GSH-Px activity (Unit/g Hb). There was no DSe data available for low-altitude subjects. However, both the distribution and the production of food was considered to be more abundant at in low-altitudes than at high-altitudes. So, the DSe intake, especially from Se-rich foods such as fish and meats, might be relatively high in low-altitude populations.
In conclusion, the results in the present study indicate that the people living at high altitudes had relatively lower blood GSH-Px activity compared to that of low-altitude subjects. This is considered to be due to the comparatively aged erythrocytes and the lower level of dietary Se intake than those people living at low altitudes. Further study on the status of other active oxygen scavengers, such as catalase, superoxide dismutase or vitamin E, may further clarify this defense mechanism against active oxygen.
